We found that intrinsic neutrophil 5-lipoxy- 
Neutrophils participate in a vast array of acute and chronic inflammatory diseases. A prime example is the highly fatal (50% mortality) adult respiratory distress syndrome, which is an acute, oxidative edematous lung injury that for unknown reasons complicates a variety of pulmonary and extrapulmonary insults (1) . Patients with this syndrome have increased bronchoalveolar lavage levels of interleukin 8 (IL-8), leukotriene B4 (LTB4), and neutrophils (2) (3) (4) (5) , but the relationships of these factors to lung injury are unclear. IL-8, a potent neutrophil chemoattractant (6) , potentiates neutrophil 5-lipoxygenase enzyme activity in vitro (7, 20) , but it is not known if the neutrophil "priming" effects of IL-8 in vitro are related to its biological effects in vivo, specifically if and how IL-8 causes tissue injury. The major 5-lipoxygenase product secreted by neutrophils is LTB4, but a causal link between increased airway IL-8 levels and the recruitment of circulating neutrophils via LTB4 production has not been identified. Furthermore, while LTB4 is the predominant 5-lipoxygenase product secreted by neutrophils, LTB4 precursors such as 5-hydroperoxyeicosatetraenoic acid and leukotriene A4 (LTA4), or other 5-lipoxygenase products such as lipoxins, may play important roles in inflammation (10) . Finally, the contribution of intrinsic neutrophil 5-lipoxygenase activity to neutrophil function has not been determined.
To examine these potential relationships, we hypothesized that 5-lipoxygenase activation is required for neutrophils to respond to inflammatory stimuli and that elevated airway levels of IL-8 cause acute edematous lung injury via this pathway. To test this premise, we examined the effects of 5-lipoxygenase inhibition on neutrophil function in vitro and neutrophil-mediated injury in isolated lungs given IL-8 intratracheally.
MATERIALS AND METHODS
Purification of Human Neutrophils. Heparinized blood was obtained from healthy volunteers. Neutrophils were isolated by using a Percoll gradient and differential centrifugation. Each preparation contained highly purified (>99%o) neutrophils that were suspended in Hanks' balanced salt solution (Sigma) at a concentration of 2 x 107/ml.
Assessment of Neutrophil Function in Vitro. Neutrophil chemotactic activity was determined by Boyden chamber assay quantitating activity as the number of neutrophils per five high-power fields (11) after stimulation with zymosanactivated serum or recombinant human IL-8 (200 ng/ml, Sandoz). Neutrophil adherence was assessed by quantitating the percentage of neutrophils adhering to nylon fibers (12) after stimulation with phorbol 12-myristate 13-acetate (PMA; 10-6 M, Sigma). Neutrophil superoxide production was determined by quantitating superoxide dismutase-inhibitable reduction of cytochrome c (13) in response to PMA (10-6 M 
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isolation. After a 20-min equilibration period during which Zileuton (2.5 ,uM) or MK886 (1 ,uM) was at times added to the perfusate, freshly purified human neutrophils (4 x 107) were added to the perfusate chamber (initial circulating concentration, -1300 neutrophils per ,ul). In other experiments, neutrophils were preincubated with MK886 (1 ,uM) for 20 min at 28°C, centrifuged at 1000 x g for 10 min, and then resuspended in fresh HBSS before addition to the perfusate. Finally, in some experiments, LTB4 (final concentration, 3 nM) was added with neutrophils and Zileuton to perfusates of lungs given IL-8 intratracheally. Lung weights and pulmonary artery perfusion pressures were monitored continuously throughout the 60-min experimental protocol with force and pressure transducers, respectively. After each experiment, lungs were freeze-clamped in liquid N2, homogenized, and centrifuged at 15,000 x g for 10 min. Ficoll concentrations were determined on the supernatants. Perfusate samples were centrifuged at 5000 x g for 5 min, and the supernatants were removed and stored at -70°C for LTB4 determination.
Assessment of Lung Ficoll Retention. Samples of lung homogenate supernatants were added to a solution of 0.05% anthrone (Sigma) in sulfuric acid, mixed well, and allowed to equilibrate for 20 min. Ficoll concentrations were determined by measuring absorbance spectrophotometrically at 627 nm and represent the total Ficoll retained per lung (16) .
Assessment of Perfusate LTB4 Concentrations. LTB4 levels were determined by enzyme linked immunoassay using antibody to LTB4 (Advanced Magnetics, Cambridge, MA) and acetylcholinesterase conjugated to LTB4 (17, 18 (Table 1) . In contrast, in the presence of MK886 or Zileuton, stimulated neutrophils had decreased (P < 0.05) chemotactic activity compared with untreated, stimulated neutrophils (Table 1) . Furthermore, adding LTB4 did not increase (P > 0.05) the chemotactic activity of Zileuton-or MK886-inhibited neutrophils (Table 1) . In parallel, PMA-stimulated neutrophils had increased (P < 0.05) adherence to nylon fibers compared with unstimulated neutrophils in vitro (Table 1) . Similarly to chemotaxis inhibition, stimulated neutrophils treated with Zileuton or MK886 had decreased (P < 0.05) adherence compared with untreated, stimulated neutrophils (Table 1) . Likewise, PMA-stimulated neutrophils (but not IL-8-stimulated neutrophils; data not shown) had increased (P < 0.05) superoxide anion production compared with unstimulated neutrophils in vitro (Table 1) . However, in contradistinction to the adherence and chemotaxis inhibition, Zileuton-or MK886-treated neutrophils stimulated with PMA had the same (P > 0.05) superoxide anion production as control neutrophils stimulated with PMA (Table 1 ). In response to the calcium ionophore A23187, Zileuton-treated neutrophils released 14.6 ± 6% and MK886-treated neutrophils released 13.8 ± 2.7% as much LTB4 as untreated, A23187-stimulated control neutrophils in vitro (n = 4). Effect of Intratracheal IL-8 and Neutrophil Perfusion on Isolated Rat Lungs. Isolated rat lungs given 50 ng, 250 ng, or 500 ng of IL-8 intratracheally and then perfused with neutrophils gained progressively more weight (Fig. 1) . Isolated rat lungs given 500 ng of IL-8 intratracheally and then perfused with neutrophils had increased (P < 0.05) lung weights compared with lungs given only IL-8, lungs given only neutrophils, or control lungs (lungs not given IL-8 or neutrophils; Fig. 2A ). In parallel, isolated rat lungs given IL-8 intratracheally and then perfused with neutrophils had increased (P < 0.05) lung Ficoll retention compared with lungs given only IL-8, lungs given only neutrophils, or control lungs (Fig. 2B) . Along with weight increases and Ficoll retention, lungs given IL-8 and then perfused with neutrophils had increased (P < 0.05) perfusate LTB4 levels compared with lungs given only IL-8, lungs given only neutrophils, or control lungs (Fig. 2C) . Pulmonary artery perfusion pressures increased (1-2 mmHg; 1 mmHg = 133 Pa) transiently ( ) perfused with neutrophils and Zileuton oi duced (P < 0.05) lung weights ( Fig. 2A), lur  (Fig. 2B) , and perfusate LTB4 levels ( Fig. 20 lungs given IL-8 and then perfused witi addition, lungs given IL-8 and then perfu pretreated neutrophils had decreased (P < ( (Fig. 2C) , lung Ficoll retention (Fig. 2B) , an levels ( Fig. 2C ) compared with lungs giv4 perfused with neutrophils. Lungs given II fused with neutrophils, Zileuton, and add same (P > 0.05) lung weights ( Fig. 2A)  retention (Fig. 2B) I then perfused with The individual role of LTA4 could not, however, be directly sed (P < 0.05) lung tested because of its extremely short half-life, which did not sate LTB4 levels (C) permit measurement in this system. In addition to leukotriene rfused with control production, 5-lipoxygenase also catalyzes lipoxin formation. We found that intrinsic neutrophil 5-lipoxygenase activity is required for human neutrophil adherence and chemotaxis in vitro and IL-8-dependent lung injury in isolated rat lungs perfused with human neutrophils. Recognition of the integral role of 5-lipoxygenase activity in basic neutrophil responsivity suggests therapeutic possibilities for acute lung injury and other neutrophil-mediated disorders.
